«» 



DOCUMENT RESUME 



ED 254 731 
TITLE 

INSTITUTION 
SPONS AGENCY 
PUB DATE 
NOTE 

PUB TYPE 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



ABSTRACT 



CE 041 007 

Millwright Apprenticeship. Related Training Modules. 

17.1-17-.13 Hydraulics. 

Lane Community Coll., Eugene, Oreg. 

Oregon State Dept. of Education, Salem. 

[82] 

127p.; For related documents, see CE 040 991-041 006. 
Many of the same modules are duplicated in CE 040 
978. \ 

Guides - Classroom Use - Materials (For Learner) 
(051) 

MF01/PC06 Plus Postage. 

*Apprenticeships; Behavioral Objectives; Energy 
Occupations; *Hydraulics; Individualized Instruction; 
Job Skills; Learning Modules.; ^Machine Tools; 
Maintenance; Post secondary Education; *Power 
Technology; *Trade and Industrial Education 
*Millwrights ; Power Plant Operators; Power Plants; 
Troubleshoot ing 



This packet of 13 learning modules on hydraulics is 
of 6 such packets developed ' for apprenticeship training for 
millwrights. Introductory materials are a complete*" listing of all 
available modules and a supplementary reference list. Each module 
contains some or all of these components: goal, performance 
indicators, study guide (a check list of steps the student should 
complete), a vocabulary list, an introduction, information sheets, 
assignment sheet, job sheet, self-assessment, self-assessment 
answers, post-assessment, instructor post-assessment answers, and a 
list of supplementary references. Supplementary reference material 
may be provided. The 13 training modules cover levers; transmission 
of force; symbols; basic systems; pumps; pressure relief valve; 
reservoirs; directional control valve; cylinders; forces, area, and 
pressure; conductors and connectors; troubleshooting; and 
maintenance. (VLB) 



* Reproductions supplied by EDRS are the best that can be made * 

* from the original document. * 

* * * * itj^ *********************************************************** 



I 
4 



rvj 
o 



APPRENTICESHIP 




RELATED 
TRAINING MODULES 



^ 



ERIC 



U S. DEPARTMENT OF EDUCATION 

NATIONAL INSTITUTE OF EDUCATION 

EDUCATIONAL RESOURCES INFORMATION 
y CENTER |PRIC) 

^'^Thts documoni has boen roproduced as 
roceived from ihe person or organi/ahon 
origir^ahng it 

Mmor chdngps havM hflcn made improve 
reprndnrlior) riu/itiiy 

• Points ol or opir>K)ns Mate(l m this do< u 
meni do not npj essarilv fftprpsenj official NIE 
position or poIk y 



*2 



"PERMISSION TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 



■7^ 



y 

TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER lERIC) ■ 



STAJEIIENT OF ASSURANCE 

It is the policy of the Oregon Department of Education 

THAT NO person BE SUBJECTED TO DISCRIMINATION ON THE 
BASIS OF RACE, NATIONAL ORIGIN, SEX, AGE, HANDICAP OR 
MARITAL STATUS IN ANY PROGRAM, SERVICE OR ACTIVITY FOR 

WHICH THE Oregon Department of Education is responsible. 
The Department will comply with the requirements of state 
and federal law concerning non-discrimination and will 
strive by its actions to enhance the dignity and worth 

OF ALL persons. 

STAT EMENT OF DEVE LOPMEN T 

This project was developed and produced under a sub-contract 
FOR THE, Oregon Department of Education by Lane Community 
College, Apprenticeship Division, Eugene, Oregon, J98^. 

Lane Community College is an affirmative action/equal 
opportunity institution. 



Pttge I 



APPRENTICESHIP 

MILLWRIGHT 
RELATED TRAINING MODULES 



SAFETY 

1.1 General Safety 

1.2 Hand Ibol Safety 

1.3 Power Tool Safety 

1.4 Fire Safety 

1.5 Hygiene Safety 

1.6 Safety and Electricity 

1.7 Fire Types and Prevention 

1.8 Machine Safeguarding (includes OSHA Handbook) 

ELECTRICITY/ELECTRONICS 

2.1 Basics of Energy 

2.2 'Atomic Theory 

2.3 Electrical Conduction 

2.4 Basics of Direct Current 

2.5 Introduction to Circuits 

2.6 Reading Scales 

2.7 Using a V.O.M. 

2.8 OHM'S Law 

2.9 ?CMer and Watt's Law 

2.10 Kirchoff's Current Law 

2.11 Kirchoff's Voltage Law 

2.12 Series Resistive Circuits 

2.13 Parallel Resistive Circuits 

2.14 Series - Parallel Resistive Circuits 

2.15 Switches and Relays 

2.16 Basics of Alternating Currents 

2.17 Magnetism ^ 

CCMFUTERS 

3.1 Digital Language 

3.2 Digital Logic 

3.3 Ccitputer Overview 

3.4 Computer Software 

TOOLS 

4.1 Boring and Drilling Tools 

4.2 Cutting Tbols, Files and Abrasives 

4.3 Holding and Fastening Tbols 

4.4 Fastening Devices 

4.5 Basic Science - Sinple Mechanics 

4.6 Fasteners 
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DRAFTING 



Page II 



5.1 Types of Drawing and Views 

5.2 Sketching 

5.3 Blueprint Reading/Vtorking Drawings 

5.4 Working Drawings for Machines and Welding 

5.5 Machine and Welding Symbols 

5.6 Blueprint Rsading, Drafting 

5.7 Blueprint Reading, Drafting 

5.8 Blueprint Reading, Drafting 

5.9 Blueprint Reading, Drafting 

5.10 Blueprint Reading, Drafting 

5.11 Blueprint Rsading, Drafting 

5.12 Blueprint Reading, Drafting 

5.13 Blueprint Reading, Drafting 

5.14 Drafting, Machine Features 

5.15 Drafting, Measurement 

5.16 Drafting, Visualization 



Basic Print 
Basic Print 
Basic Print 
Basic Print 
Basic Print 
Basic Print 
Basic Print 
Basic Print 



Reading 
Reading 
Reading 
Reading 
Reading 
Reading 
Reading 
Reading 



HUMAN RELATIONS 

6.1 Ccmnnunications Skills 

6.2 Feedback 

6.3 Individual Strengths 

6.4 Interpersonal Conflicts 

6.5 Group Problem Solving 

6.6 Goal-setting and Decisionmaking 

6.7 Worksite Visits 

6.8 Resumes 

6.9 Interviews 
6.10' Expectation 

6.11 Wider Influences and Responsibilities 

6.12 Personal Finance 

BOILERS 



7.1 


Boilers 


- Fire Tlibe Types 


7.2 


Bpilers 


- Watertiibe T>/pes 


7.3 


Boilers 


- Construction 


7.4 


Boilers 


- Fittings 


7.5 


Boilers 


- Operation 


7.6 


Boilers 


- Cleaning 


7.7 


Boilers 


- Heat Recovery Systems 


7.8 


Boilers 


- Instruments and Controls 


7.9 


Boilers 


- Piping and Steain Traps 



TURBINES 



8:1 Steam Turbines 

8.2 Steam TUrbines 

8.3 Steam TUrbines 

8.4 Steam Turbines 

8.5 Gas Turbines 



types 

C0n|30nents 
Auxiliaries 

Operation and Maintenance 
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Page III 

PUMPS 

9.1 Puirps - lypes and Classification 

9.2 Punps - Applications 

9.3 Pumps - Construction 

9.4 Punps - Calculating Heat and Flow 

9.5 Pvnrps - Operation 

9.6 Punps - Monitoring and Troubleshooting 

9.7 Pumps - Maintenance 

COMBUgnON 

10.1 Conbustion - Process 

10.2 , Combustion - T/pes of Fuel 

10.3 Combustion - Air and Fuel Gases 

10.4 Combustion - Heat Transfer 

10.5 Ccrobustion ~ Wbod 



GENERATORS 

11.1 Generators - Types and Construction 

11.2 Geiierators - Operation 

FEEDWATEa^ 

12.1 Feedwater - lypes and Equipment 

12.2 Feedwater - Water Treatments 

12.3 Feedwater - Tasting 

AIR COMPRESSORS 

1" .1 Air Conpressors - Types 

iJ.2 Air CoirpresGors - Operation and Maintenance 

STEAM J 

14.1 Steam - Formation and Evaporation 

14.2 Steam - Types 

14.3 Steam - Transport 

14.4 Steam - Purification 

MISCELLANEOUS 



15.1 Installation - Foundations 

15.2 Installation - Alignment 

15.3 Circuit Protection 

15.4 Transformers 

15.5 Trade Terms 

TPADE MATH 

16.1 Linear - Measure 

16.2 Vihole Numbers 

16.3 Additional and Subtracticln of Corannon Fraction and Mixed Numbers 

16.4 Multiplication and Division of Catinon Fractions and Whole and 
Mixed Numbers 
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16 . 5 Coipound Nunt)ers 

16.6 Percent 

16.7 Ratio and Proportion 

16.8 Perimeters, Areas and Volumes 

16.9 Circumference and Wide Area of Circles 

16.10 Area of Plane, B'igures and Volumes of Solid Figures 

16.11 Metrics 





HYDRAULILo 




17.1 


Hydraulics - 


Lever 


17.2 


Hydraulics. - 


Transmission of Force 


17.3 


Hydraulics - 


Symbols 


17.4 


Hydraulics - 


Basic Systems 


1 / • D 


Hyarauiics - 


Punps 


T7 a 
1 / .0 


Hydraulics - 


Pressure Relief Valve 


1 "7 "7 
1 / t / 


Hydraulics - 


Reservoirs 


1 "7 Q 


Hydraulics - 


Directional Control Valve 




Hydraulics - 


CylirxJers 


1 "7 in 


Hydraulics - 


Forces , Area , Pressure 


17.11 


Hydraulics - 


Conductors and Connecters 


17.12 


Hydraulics - 


Troubleshooting 


17.13 


•Hydraulics - 


Maintenance 


i 


MPTALIiJRGY 




18.1 


Included are 


ILS packets: 




W 3010 






W 3011-1 






W 3011--2 






MS 9001 


(l-3-4-8-9-6-7--5-2^-9) 




MS 9200, 


9201 



PCWER DRIVES 

19.1 101. A-B-C-D-E 

102 . C-D-E 

103 . B-C-D-E 

104 . A-C-E-F-G-H~I-J 

107 . A 

108. A 



WELDING 



20.1 602. A-B-C-D-G-I-L-M 

603 . A-&-F-C-I 

W. 3011-1 refer to Mettallurgy 18.1 
WE. MA-18 



MILLWRIGHT 
SUPPLEMENTARY REFERENCE DIRECTORY 



Note; All reference packets are numbered on the upper right-hand corner of the respective cover page. 



Supplementary 
Packet # 

1.8 

12.1 

12.2 

12.3 

12.4 

12.4 

12.5 

12.7 



13.1 
13.2 
13.4 
13.6 
13.7 

13.3 
13.5 



Description 

Concepts & Techniques of Machine Safeguarding, U.S.D.L., O.S.H.A. 

Correspondence Course, Lecture 1, Sec. 2, Steam Generators, Types 
of Boilers I, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 2, Sec. 2, Steam Generators, Types 
of Boikers 11, S.A.I.T., Calgary, Alberta, Canada 

Correspop'ience Course, Lecture 2, Sec. 2, Steam Generators, Boiler 
Construction & Erection, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 4, Sec. 2, Steam Generators, Boiler 
Fittings 11, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 4, Sec. 2, Steam Generators, Boiler 
Fitting I, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 10, Sec. ^, Steam Generation,- Boiler 
Operation, Maintenance, Inspection, S.A.I.T., Calgary, Alberta, 
Canada 

Correspondence Course, Lecture 3, Sec. 2, Steam Generation, Boiler 
Details, S.A.I.T., Calgary, Alberta, Canada 



Correspondence Course, Lecture 9, Sec. 2, Steam Generator, Pov/er 
Plant Pumps, S.A.I.T., Calgary, Alberta, Canada 



Cort L'Spondence Course, lecture 6, T-ec. 3, Steam Generators, Pumps, 
S.A.I.T., CfAhjary, Alberta, Canada 
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BEST COPY AVAILABLE 



Rel ated Training Modu le 
1.8 Machine Safeguarding 

Boilers, Fire Tube Type 



7.1 
7.2 
7.3 
7.4 
7.4 
7.5 

7.7 



Boilers, Water Tube Type 
Boilers, Construction 
Boilers, Fittings 
Boilers, Fittings 
Boilers, Operation 



Boilers Heat Recovery 
Systems 



PUf-lPS 

9.1" Types & Classi rkfltions 

9.2 A[j|.>l i cations 

9.4 ' Calculating Heat & Flow 

9.6 Monitoring t Troubleshooting 

9.7 Maintenance 

9.3 Consttuction 

9.5 Operation 



Millwright 
Supplementary 
Page 2 

Supplementary 
Packet § 

14.3 
12.8 



K.4 
15.1 
15.2 
15.3 

15,4 

15.-5 
16.2 
16.2 
16.3 
17.1 
17.2 



Reference Directory 



Description 



Correspondence Course, Lecture 6, Sec. 3, Steam Generators, Steam 
Generator Controls, S.A.I.T., Calgary, Alberta, Canada 



Correspondence Course, Lecture 11, Sec. 2, Steam Gtfherators, 
Piping II, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 1, Sec. 4, 'Prime Movers, & Auxil- 
iaries, Steam Turbines, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 4, Sec. 3, Prime Movers, Steam 
Turbines I, S.A.I.T., Calgary^ Alberta, Canada 

Correspondence Course, Lecture 2, Sec. 4, Prime Movers & Auxil- 
iaries, Steam Turbine Aux: iaries, S.A.I.T., Calgary, Alberta, 
Canada 

Correspondence Course, Lecture 6, Sec. 3, Prime Movers, Steam 
Turbine Operation & Maintenance, S.A.I.T., Calgary, Alberta, 
Canada 

Correspondence Course, Lecture 8, Sec. 3, Primo Movers ^ Gas 
Turbines, S.A.I.T., Calgary, Alberta, Canada 

boilers Fir^.d with Wood & Bark I^esidups, n.p. Junge, F.R.L., 
O.S.U., 1975 

"vrre'jpondeiice Course, Lecture 5, jpc. , Sti ii" Gerierutorc. , *" lo' 

Combustion, S.A.I.T., Calgary, Albertj, ron--;.-!,! 

Correspondence Course, Lecture 5, Sec. Plant Servircis, Fn> ^ 
I'' Combustion, S.A.I.T.', Calgary, Alberta, Canada 

Correspondence Course, Lecture 12, Sec. 3, Steam Generation, Water 
Treatment, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 12, Sec. 2, Steam Generation, Writer 
Treatment, S.A.I.T., Calgary, Alberta, Canada 



Related Training Module 

14.3 Steam Transport 

7.8 Boilers, Instruments & 
Controls 

14.4 Steam Purification 



8.1 Steam Turbines, Types 



8.2 Steam Turbines, Components 



8 3 Steam Turbines, Auxiliaries 



^.4 Steam Turbines, Operation 
& Maintenance 



P .^ OoS Tii rhinos 



in ' ):i-;>.-|,ion TviH";. of Tul-I 



I' , h' .f ir;: TyiH;;. of Fuel 



]'<.'] COiiihus ■ id". .Ai .■ y< r'jf'1 Gases 



12.1 Feedwater, Types & 
Operation 

12.2 Feedwater, Water 
Treatments 
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Supplementary 
Packet a 

17.3 
18.1 



18.1 
18.2 



19.1 
19.1 

20.1 
21.1 

22.1 



Des cription ' , 

• • .. ■ 

Correspondence Course, Lecture 7, Sec. 2, Steam Generators, Boiler 
Feedwater Treatment, S.A.I.T., Calgary, Alberta, Canada 



Correspondence Course, Lecture 2, Sec. 5, .Jcctricity, Direct 
Current Machines, S.A.I.T., Calgary, Alberta, Canada 



. 4 



Correspondence Course, Lecture 4, Sec. 5, Electricity, Alternating 
Current Ge?ierato,rs ,, S.A. I .T. , Calgary, Alberta, Canada • 

f 

Correspondence Course, Lecture 5, Sec. 4, Prime Movers '& y\uxil- ' 
iaries. Air Compressor 1, S.A.I.T., Calgary, Alberta, Canada ^ - 

Correspondence Course, Lecture 6, Sec. 4, Prime Movers & Auxil- 
iaries, Air Compressors. II, S.A.I.T., Calgary, Alberta, Canada 

Basic El-ectronics, Power Transformers, EL-BE-51 .. 

Correspondence. Course, Lecture 6, Sec. 5, Electricity, Switchgear 
8 Circuit, Protective Equipment, S.A.I.T., Calgary, Alberta, 
Canada 

Correspondence Course, lecture 10, 'Sec. 3, Prime Movers, Power 
Plant Ere.ction & Installation, S.A.I.T., Calgary, Alberta, Canada 



Related TVai n ing Mo dule 

12.3 Feedwater, Testing 

11.1 Generators', Types & 
Construction 

11.1 Generators, Typ.es & 
Construction " 

18.2 Generators', Operation 

13.1 Air Compressors, Types 

c 

13.1 Air Compressors, Types 

13.2 Air Compressors, Operation 
& Maintenance 

15.4 Transformers 

15.3 Circuit Protection 



15.1 Installation Foundations 



' 12 
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BEST copy AVAILABLE 



RECOMMENDATIONS FOR USING TRAINING MODULES 



The following oages list modules and their corresponding numbers for this 
particular apprenticeship trade. As related training classroom hours 
vary for different reasons throughout the state, we recommend that 
the individual apprenticeship committees divide the total packets to 
fit their individual class schedules. 

There are over 130 modules available. Apprentices can complete the 
whole set by the end of their indentured apprenticeships. Some 
apprentices may already have 'knowledge and skills that are covered 
in particular modules. In those cases, perhaps credit could be 
granted for those subjects, allowing apprentcies to advance to the 
remaining modules. 

We suggest the the apprenticeship instructors assign the modules in 
numerical order to make this learning tool most effective. 
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SUPPLEMENTARY INFORMATION 
ON CASSETTE TAPES 



Tape 1: Fire Tube Boiled - Water Tube Boilers 

and Boiler Manholes and Safety Precautions 



Tape 2:. Boiier Fittings, Valves, Injectors, 
Puinps and Steam Traps 



Tape 3: Canbustion, Boiler Care and Heat Transfer 
and Feed Water Types 



Tape 4: Boiler Safety and Steam TUrbines 



NOTE: 



The above cassette tc^s are intended as additional 
reference material for the respective modules, as 
indicated, and not designated as a required assignment 



Modules 18.1, 19.1, and 20.1 have been omitted because they contain 
dated materials. 
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17.1 



HYDRAULICS 



IM-HY-Ol Levers 




Goal: 



The student will be able to identify 
mechanical and hydraulic levers by 
classif icat j.on. 



Performance Indicators: 

1. Given various pieces of shop 
equipment, the student will 
demonstrate the basic principles 
of hydraulics. 

Gjiven a prepared worksheet, the 
student will illustrate the 
advantages of: 

First-class levers 

b. l Second-class levers 

c. j Third-class levers 

d. i Hydraulics leverage 



• F 



HYDRAULICS 
Levers 



I 

EFFORT 



10 LBS. 



t 



WEIGHT 

100 LBS. 



SO INCHES 



7K 



S INCHES 



INSTRUCTIONAL LEARNING SYSTEMS 



Information 




Mechanical levers are used to change' the direction of a force, 
increase the force or change its speed. j 

A. The first-class lever is used to change direction and' increase 

force. 



WEI- 
GHT 



Example - Pry Bar 




FULCRUM 



B. The second-class lever is used to increaje force. 



t 



WEI- 
GHT 



Example - Wheelbarrow 




FULCRUM 



C. The third-class lever is used to increase speed and distance. 



WEI- 
GHT 



FULCRUM 



t 




Example - Your Forearm 
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INSTRUCTlOiJAL LEARNING SYSTEMS 



Job 5h€€t 




VPRKSHEET 

1. Ckxnplete the following table listing at^ least one lever 
of each class that you have observed. 



Lever Observed 


Class of Lever 


1. 




2.. 




3. 




4. 


1 


5. 




6. 




7. 
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INSTRUCTIONAL LEARNING SYSTEMS 



AssignmGnt 




LEARNING ACTiyiTTES 

1. Use a triangular block of wood, a meter or yard stick and 
weights to demonstrate levers of the first, second and third class. 

2. Examine shop equipment and hand tools to determine the 

type of lever (s) involved in each. 

f 



o ■ 

ERIC 



INSTRUCTIONAL LEARNING SYSTEMS 



Self 

Assessment 




1. The 



SELF-TEST 



class lever increases speed. 



2. The handle on a small hydraulic jack is a lever of the 
class. 



3. T F The third-class lever increases force. 

4. A pry bar is a lever of the . class. 

5. T F In hydraulics leverage, a small vjeight on a small 

piston can balance a heavy weight on a large piston. 



a SIT J 't, 
puoDas • z 

m 
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INSTRUCTIONAL LEARNING SYSTEMS 



Post 

AssEssment 




P OST-TEST 

1. Draw the three classes of levers and indicate the advan- 
tage of each. 



Lever- Class ' Advantages 

1. ^ 



2. 



3. 



KEY TO POST TE§t 



Lever Class 
1. First 



2 . Second 

E 

t 



F 



W 



w 



3. Third 



Advantage 

Increases force, changes 
direction. 



Increases force. 



Increases distance and 
speed. 



17.2 

HYDRAULICS 

IM-HY-02 

Transmission of Forces by Use of Liquids 
in Confinement Under Pressure 




Goal: 

The student will be able to 
demonstrate how force is 
multiplied through a confined 
fluid. 



Performance Indicators: • 

1. Given a prepared worksheet, the 
student will: 

a. Illustrate the principles of 
the transmission of force 
through a lifi[uid. 

b. List the basic principles of 
hydraulics. 

2. Given the dimensions of a piston 
and cylinder, the student will 
compute the area. 



/ ' HYDRAULICS 
' Transmission of forces by use of liquids 
in confinement under pressure 



20*' 



2 SO. IN. 




200# 



20 so. INCHES 
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INSTRUCTIONAL LEARNING SYSTEMS 



ERIC. 



A few basic principles of fluid power help, us to understand' 
' hydraulics. Since force is transmitted through a liquid, the follow- 
ing basic principles should be .understood: 

1. Liquids have no shape of their own but take the shape of their 
container. 

2. Liquids will not compress (for all practical purposes) . 

3. Liquids transmit applied pressure equally and undiminislied in 
all directions." 

4. Liquids may provide great increases in force when transmitted 

c ■ . 

to surfaces of varying sizes. EXAMPLE: Two cylinders of different sizes 
and connected together demonstrate these principles. 



1 SQ. IN. 




10 SQ. IN. 



1. hfoving #1 cylinder down causes #2 cylitvler to go iq). 

2. Ihe force created in cylinder A is undiminished in cylinder B. 

3. the pressure created in A is transmitted equally to each 
square inch of area ori piston B. 

^ferences: Use available information to increase your knowledge of fluid 



power 
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iNSTRUCTIONAL LEARMNG SYSTEMS. 



Assignment 




LEARNING ACnVrTIES 

I. Use a small hydraulic jack to answer the foUowiiig: 

A. -The handle is connecfced to the (smaller, larger) cylinder. 

B. The force put on the handle is transmitted by a 



C. Does the small piston move (a shoirter distance,> ^the same 
distance, a greater distance) than the larger piston? 

D. How far must you move the smaller piston to move the larger" 
piston one Inch? 

E. If the area of the smaller piston is increased to 2 sq. in. , 
the force increased to 6 pounds , how much load could be 
si:pported by the large pijfton? 



•erJc 
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INSTRUCTIONAL LEARNING SYSTEMS 



Job Sheet 




1. In the space above sketch a simple hydraulic system showing 
the transmission of force. 

2. Color the area red where hydraulic fluid under pressure is 
loca-ied. 




KEY TO WORKSHEET 
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INSTRUCTIONAL LEARNING SYSTEMS 




Self 

Assessment 



/ 



SELF-TEST 

1. T F Fluid will not transfer all the force from one 

place to another . 

2. T F Hydraulic ^|@^e cannot be transmitted over great 

distances. 

3. T lj_ F Liquids can be coqpressed. 

4-^ T F Because liquids have no shape of their own tliey can 

be used to transmit force against odd-shaped surfaces. 

5. T _*F Che potnd can be used to lift ten pounds hydraulically. 
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INSTRUCTIONAL LEARNING SYSTEMS 



Post 

Assessment 




POST-TEST 




1 SQ. IN. 



V ■■■■ ■ \ ' 




t 



10 SQ. IN. 



1. If the piston on the left is lowered 1 inch, the cylinder on the 
right will raise . 

2. List the four basic principles of hydraulics. 
A. 

B. 
C. 



D. 
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KEY TO POST-TEST 



1 inch. 

A. liquids have no shape of their own. 

B. Liquids will not compress. 

C. Liquids tranr ±t applied pressure equally in all 
directions . 

D. Liquids provide great increases in force. 



3J 
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17.3 

HYDRAULICS 

IM-HY-03 Symbols 




Goal: 

The student will be able to 
distinguish between the various 
symbols used in fluid pow^r and 
their purpose in drawings f of 
hydraulic diagrams. 



Performance Indicators: 



1. Given a^ prepared worksheet, the 
student^ will use graphical 
symbols to draw a basic fluid 
power circuit. 

2< Given a training bench and the 
necessary system components, the 
student will assemble the system 
and operate it. 



erIc 
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HTORAULICS 
Symbols 




INSTRUCTIONAL LEARNING SYSTEMS 



Information 




Aaerican national Standard Institute graphical study for 
fliiid power diagpcams (ansi y 32.10). 

^ Typei of syirbols used in drawing circuit diagrams for fluid power 
systems are pictorial, cutaway and graphic. 

Pictorial symbols are very useful for showing the interconnection 
of ccnponents. They are difficult to standardize from a functional basis. 

Qitaway symbols enphasize construction. These symbols are corplex 
to draw and the functions are not readily apparent. * 

Graphic symbols enphasize the function and methods of component 
operation. « These symbols are simple to draw. Component functions and 
methods of operation are obvious. Graphical symbols are capable of 
crossing language barriers and can promote a universal understanding of 
fluid power systems. 

Elementary forms of symbols mce: 

A. Circles. 

B. Squares. 

C. Triangles. 

D. Rectangles. 

E. Arcs. 

F. Arrows. 

G. Straight lines. 

H. Dots. 

I. Crosses. 
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1. Envelopes are used as a container to show syrnbolically the 
functions and methods of operation of fluid power cooponents. 

2. These are ccurxm symbols used in fluid power systems. 



OCMPLETE 



•RESERVOIR- 



BASIC 
ENVE1X)PES 




FILTER 



PUMP 



PRESSURE RELIEF VALVE 




O 



DIRECTIONAL CONIRDL VALVE 



ACTUATING CYLINDER 



T ELECTRIC M7I0R 
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INSTRUCTIONAL LEARNING SYSTEMS 



Job Sheet 

/ 

■ i 

I. Using graphical syi±ols,' arrange eac 'xqponenC in sequence 
as it vroxild appear in a basic bydr^ulic system and nanoe each cooponent. 

Letter Name 



J_ I 





KEY TO WORKSHEET 



Reservoir 
Filter 

Electric motor 
Pump 

Pressure relief valve 
Directional control valve 
Linear actuating cylinder 



SELF -TEST 



OCMPLEriE 
SYMBOLS 



Identify the following graphical symbol 




B. 



C. 




mi 



E. 



— ^ 



© 



G. 



•iU 



KEY 10 SELF-TEST 

A. Reservoir. 

B. Filter. 

C. Pinp. 

D. Relief valve. 

E. Directicxial control valve. 

F. Linear actuating cylinder. 

G. Electric motor. 



■ \ 



1 
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INStRUCTIONAL LEARNING SYSTEMS 



POST-TEfTT 



1. Draw feach envelope in proper sequence in the system. 



o 
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Reservoir 
FUter 

Electric motor 
Pimp 

Relief valve 

Directional ^trol valve 
Linear actuating cylinder 
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HYDRAULICS 

IM-HY-04 
Basic Symbols 




Goal: 

The student will be able to identify 
each component in a fluid power 
system and describe its function. 



Performance Indicators: 

1. Given prepared worksheets, the 
student will illustrate the 
operation of a basic hydraulic 
system. 

2. Givdn the following hydraulic 
system components, the student 
will correctly identify them and 
tell the function of each in the 
system. 

a. Reservoir 

b. Filter 

c . Pump 

d. Pressure relief valve 

e. Directional control valve 

f. Actuators 

g. Prime mover 

h. Conductors 



erJc 
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INSTRUCTIONAL LEARNING SYSTEMS 



Inforifiation 




There are three basic methods of controllijig energy; mechanical, 
electrical and fluid power. Most often they are coiiJ)ined for the most 
effective usage. Both mechanical and fluid power transmissions have 

been used for thousands of years and these past two hmdred years have 

r 

seen naan harness and use electricity. 

Fluid power is by far the most effective means of power trans r 
mission. The purpose of a t^^aulic system is to transfer energy Jfrom 
one place to another. With hydraulic systems, large forces can be readily 
applied and easily controlled. Gcnpared to a mechanical system or electri- 
cal system, a hydraulic system is sinple since conponents can be located 
with greater flescibility. A hydraulic system is effecient and economical 
to operate because power and friction losses are relatively snail and wear 
on moving parts is greatly reduced. In addition, large forces can be 
sinply controlled by rauich smaller forces throughout an infinite range of 
speeds. 

All fluids and liquids have certain characteristics. The principles 
of hydraulics are based on the following facts: ^ 

1. A fluid has no definite shape of its own but conforms to the 
shape of its container. 

2. A fluid will alvciys take the path of least resistance. 

3. A liquid unlike a gas is nearly incompressible while a gas 
is highly compressible. An oil can only be cocopressed to 1.2 percent 
of its total volune at 3000 psi. 
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Rosarvoir Cylinder 

The basic hydraxilic system cmsist of the following coraponents: 

A. Reservoir-tank. 

B. Filter-strainer. 

C. Pump. 

D. Pressure relief valve. 

E. Directional ccjntrol valve. 

F. Actiiators (cylinder or motor) . 

G. Prinie mover. 

H. Conductors: piping, tubing and hoses. 

The purpose of the reservoir is to store the oil which is the 
energizing median of the hydraulic system. 



The primary purpose of a filter-strainer is to keep the oil clean 
by filtering out contaminants from the fluid flowing through it. 

The purpose of a pump is to convert mechanical energy into hydraulic 
energy by pushing the hydraulic fluid into the system. 

The relief valve's purpose is to protect the system from excess 
pressures by limiting the systems maximun pressure. 

A directional control valve is used to control the direction of 
flow of oil from the pinp to the actuators. 

The primary purpose of an actuator is to convert hydraulic pressure 
into mechanical force and motion. This is acoon;>lished by the use of a 
hydraulic motor, or a cylinder 

The purpose of the prime mover is^ to convert mechanical energy by 
rotating the hydraulic punp drive shaft. The prime mover is usxjally an 
electric motor or an internal combustion engine. 

Conductors are 'jsed to connect the conponents together and confine 
the fluid. 
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This is a cutaway diagram of a basic hydraulic system with the 
graphical synibols shown along tlie side of each cutavay coooponent. 
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INSTRUCTIONAL-UEARNING SYSTEMS 



Job Sheet 





ERIC 



1. Name the conponents in this system. 
A 



B.. 
C. 

D. . 

E. . 

F. . 
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KEY TO VJORKSHEET 



A. Pimp. 

B. Reservoir. 

C. Relief valve. 

D. Directional control valve. 

E. Actuatiiig cylinder. 

F. Conductors. 
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INSTRUCTIONAL LEARNING SYSTEMS 



• Pos 

Assissment 






V 



i 



POST-TEST 




ERIC 



1. Draw t±e comecting conductors to all system canponents in 
their proper sequence. 

2. You are to identify each conponent in the system and list each 
name on the appropriate line. 

3. By usijig arrows, show the directim of flow from the reservoir 
through the punp and relief valve to the direct icxial control valve. 
NOTE: Directional control valve is in neutral position. 

52 



I 



KEY TO POST-TEST 



r 

t 



3. - Vi\^ 



si; 



troivah 



1 cohirol^/alvt 



n 



Iff 




''4oooA^ 



ttt 



Actuator 



{ 
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17.5 

HYDRAULICS ' 

, IM-HY-OS 

Pumps ^ 




Goal; 

The studertL will be able to identify 
types of fluid power system pumps 
and describe their operation. 



\ 



Performance Indicators: 

1. Given fluid power system pumps, 
the student will name them by 
type and identify their major 
parts » 

2. Given a schematic drawing of a 
gear type pump, the student will 
trade fluid flow into and out 

of the pump. 

3. Given paper anS pencil, the 
student will write a paragraph 
describing the purpose of the 
pump in a fluid power system. 



■ m 

\ 



INSTRUCTIONAL LEARNING SYSTEMS 









Information 

■ 


• 





INTERNAL SEAL 
FORMED HERE 




The purpose of a hydraulic punp is to change mechanical energy 
into fluid power energy by pushing the oil through the system. There 
are several types of punps used in hydraulic systans but the most widely 
used puops are gear and vane types. All ptups used in hydraulic systems 
are positive displacement type. For each revolution of the gears, oil 
is trapped between the gear teeth and housing and is carried around the 
outside of the gears. As the teeth mesh against the outlet, the fluid is 
forced out. Pressure is created only when there is a resistance or a 
cotr^lete blockage of pump flow. 



VANE TYPE PUMP 



2. IS CARRIED AROUND 
RING IN PUMPING CHAMBERS 



PUMPING 
CHAMBERS 



CAM RING SURFACE 
ROTOR 



SHAFT 



INLET «-C> 



ECCENTRICITY 



1. OIL ENTERS AS SPACE 
BETWEEN RING AND 
ROTOR INCREASES 




3. AND IS DISCHARGED 
AS SPACE DECREASES. 



VANES 



A vane puip consists, of a slotted rotor splined to a drive shaft 
and turns inside a cam ring. Vanes are fitted into the rotor slots and 
follow the inner surface of the. rine as the rotor turn«. C^^ntrifugal 
force and pressure under the vanes hold than out against the ring. Pmp- 
ing chambers are formed between the vanes and are enclosed by the rotor, 
the ring and two side plates. These plates are usually called pressure 
plates or wear plates. 

The basic operating principle of vane punps is illustrated in the 
drawing above. At the pump? inlet port, a partial vacuun is created as 
the space between the rotor and ring increases. Oil entering here is 
trapped in the pmping chambers and then is pushed into the outlet as 
tfhe space decreases. Vane puips, liJce gear type pmps are positive 
^ displacement type putps. 
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INSTRUCTIONAL LEARNING SYSTEMS 



Assignment 




lilARNING ACTIVrriES 




1. What is the purpose of a hydraulic pimp? 

2. Name two major type pumps used in hydraulic systems. 

3. Haw does a gear type pmp create a flow of oil? 

4. Label pimp inlet, punp outlet and indicate where internal 
seals are formed. 

5. Use arrows to show fluid flow through the purp and the 
direction of gear rotation. 



t.' % • 



INSTRUCTIONAL LEARNING SYSTEMS 



Job Sheet 




WORKSHEET 

r 

If available, disassenible a gear or vane type Aimp. • Lay all 
parts in an orderly manner to make it easier for teassembly. 
Identify all parts of the pmp. Reassemble punp. If a test bench is 
available, test punp for proper flow and pressure. 
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INSTRUCTIONArUEARNING'SYSTEMS' 



Post 

Assessment 




POST-TEST 




1. Label the pimp parts indicated by the nuDpbers on the drawing. 
A. 

B. 
C. 
D. 

2. Use arrows to indicate direction of fluid flow through the 
punp and shade in the sealed area, of the pucnp. 

3. Draw a graphical symbol of a hydraulic pump. 



KEY TO POST-TEST 



4 




A. Drive gear 

B. Puip outlet 

C. Driven gear 

D. Pump inlet 



Pin?) graphical symbol 
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17.6 

HYDRAULICS 

IM-HY-06 
Pressure Relief Valve 



Goal: 

The student will know the function 
of a relief valve in the 
hydraulic system. 



Performance Indicators: 

!• Given a relief valve and a 

hydraulics system^ the student 
will correctly install the I 
valve in the system and adjust 
system pressure, 

2. Given a sketch of a relief valve^ 
the student will identify six 
basic parts in writing, 

3. Given paper and pencil^ the 
student will write a paragraph 
on the purpose of the relief 
valve in a hydraulics system. 
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HYDRAULICS 
Pressure Relief Valve 




> 



INSTRUCTIONAL LEARNING SYSTEMS 



I 

Information 




The relief valve is found in every hydraulics system. It is a 
normally closed valve connected between the puip pressure outlet and 
the reservoir. 

Its purpose is to limit pressure in the system to a pre-set 
maxiiiun by diverting some o? all of the punp's output to the tank when 
the pressure setting is reached. The relief valve consists of a lx)us- 
ing, spring, poppet or ball, an adjusting screw and locknut. 

By turning the adjusting screw clockwise, the system pressure 
will increase. When the adjusting screw is turned counterclockwise 
the system pressure -is decreased. 
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' Adj. Screw 
Locknut 




Parts of a pressure relief valve. 




Pressure 
Relief 
Valve 



This shows the correct placaent of 
a hydraulic pressxire relief valve, 
p limbed next to the pump and ahead 
of any valving in the system. 
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INSTRUCTIONAL LEARNING SYSTEMS 



Assignment 




1. Disassemble a pressure relief valve if one is available 
and name all internal and external parts. 

A.. . 



INSTRUCTIONAL LEARNING SYSTEMS 



Self 

Assessment 




SELP-IEST 



L. What is the purpose of a hydraulic pressure relief valve? 

2. Where are relief valves placed in the hydraulic system? 

3. Name all parts of this relief valve 

A 



B. 
C. 

D. . 

E. . 

F. . 




A 
B 



c 












E 












F 




•a 


, Xiod :>iu8x 


•a 




3iitads 








•g 




AiBjos 9uT:isnCpv 





•saanssajcd ttinrpcBra paqs^xq^sa 



•e 
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HYDRAULICS 



IM-H^'-07 Reservoirs 



Goal; 

« 

The student will know the basic 
structure and function of the 
hydraulics reservoir. 



Performance Indicators: 

1. Given a hydraulic reservoir, 
the student will explain its 
purpose* and use and identify 
it by type. 

2. Given a schematic drawing of a 
hydraulic reservoir, the student 
will sketch in the parts and 
correctly name them. 
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HYDRAULICS COMPONENTS 
Reservoirs 
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INSTRUCTIONAL LEARNING SYSTEMS 



Information 




There are two types of reservoirs used in hydraulics , vented and 
pressurized. The prinwry purpose of a reservoir is to store the fluid 
for the hydraulic system until called for by the system. A typical 
industrial reservoir is constructed of a welded steel sheet. 

A reservoir tank should contain the following parts: 

A. Air vent 

B. Strainer 

C. Baffle 

D. Fluid level indicator 

s 

E. Drain plug 

By rule of thumb, a reservoir should be sized to hold from tv» 
to three times the pinp output in gallons per minute (gpm) of punp .. 
delivery. Tank size (gallon) = pimp gpm x 2 or punp gpm x 3. 

FILLER CAP 

RETURN LINE 



AIR VENT 



OIL 
LEVEL 
GAUGE 



OUTLET TO PUMP 




MOUNTING PLATE 
FOR ELECTRIC MOTOR 
AND PUMP 



CLEANOUT PLATE 



DRAIN PLUG 



BAFfLE 



ERIC 



References : 



■INTAKE FILTER SCREEN 

Use other information to increase yon& knowledge of reservoii s. 



INSTRUCTIONAL LEARNING SYSTEMS 



LEARNING ACTIVITIES 



1. Examine a reservoir on a working hydraulic system and 
locate the following ccnponents: 

A. Breather and filler cap. 
|. Fluid level indicator. 
d. Return line. 

D. Pimp inlet line. 

V 

E. Retfum line filter. 



o - 
ERIC 
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2. Indicate the purpose o£ each part. 



Part 


Purpose 


1. 


■ 


1. 


• 


2. 




2. 




3. 




3. 




4. 




4. 




5. 




5. 




6. 




6. 




7. 




7. 
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INSTRUCTIONAL LEARNING SYSTEMS 



•Self 

AssGssment 




SELF-TEST 

Matching— Place the nunber of the proper terra in the blank to 
the left of the matching statement. 



A, 


Stores system fluid 


1. 


Intake filter 


B. 


Makes possible removal of contaminants 


2. 


Air vent 


C. 


Separates return fluid from that 
entering punp and preven,ts surging 


3. 


Sight glass 


D. 


Allows atmospheric pressure to enter 


4. 


Reservoir 


E. 


Indicates fluid lev^l in reservoir 


5. 


Baffle 


F. 


Removes small particles from fluid 


6. 


Drain plug 


g; 


Connects reservoir and cylinder 


7. 


Cylinder 



'0 

'a JL 

•V ^ 
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INSf RUCTIONAL LEARNING SYSTEMS 



Post 

Assessment 





ERIC 



1. List tw functions of the reservoir other than storing fluid. 
A. 

B. 

2. Using the dravdug at the top of this page, sketch in the 
following: 

A. (Xitlet to puip 

B. Baffle 

C. Return line 

D. Intake strainer 

E. . Oil level indicator 

F. Drain plug 

G. Filler /breather 

3. Draw et graphical resexvoir symbol with a line below fluid level, 



7J 



KEY TO POST TEST 




o 
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1. A, Helps clean the oil. 

B. Dissipates heat from the fluid. 



3, 
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17.8 

HYDRAULICS 



IM-HY-08 / 
Directional Control Valve 




Goal: 

The student will be able to trace 
fluid flow through a directional 
control valve in a hydraulic system. 



• 



Performance Indicators: 

1. Given the internal working 
parts of a directional control 
valve, the student will explain 
the function of all movable 
parts. 

2. Given paper and pencil, the . 
student will draw a schematic 
of a directional control valve, 
showing all parts and the flow 
of fluid through the valve. 



INSTRUCTIONAL LEARNING SYSTEMS 



Information 




HYDRAULICS 
Directional Control Valves 



-'Y 



CONTROL LEVER 



f 



BODY LAND 



SPOOL VALVE 



TO RESERVOIR 



TO CYLINDER PORT 




TO CYLINDER PORT 
FROM PUMP 



ERIC 



The prinary purpose of a hydraulic puip is to create a flow of 
oil. TMs flow of oil must be controlled. Ihere are three types of 
control devices: directional controls^ flow controls and pressure 
controls. 

A directional control valve is used to direct tlie flow of oil 
from the ptnp to the actuators. There are tw types of directional 
control valves (sliding spool and rotary) . The sliding spool is the 

aie most canmonly used in industrial fluid power. ^ 

\ 



CONTROL LEVER 




FROM PUMP 



References: Use available materials for further information 
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INSTRUCTIONAL LEARNING SYSTEMS 



Assignment 




LEARNP^ ACi'iVi'i'lES 

I 

1. If available, disassaiible a directional valve control and 
identify parts. < 

2. Trace fluid flow through the control valve. 

3. List the name of the parts: ' ^ 
, A. ' I 

B. , . ■ 

C. ' ' 



(I 



[ 



z 



TT 




La 



t 



B P 



s 
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1. Shade in fluid flow through the directional cental .v^lve. 

2. Indicate direction of fluid flow using arrows, 
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INSTRUCTIONAL LEARNING SYSTEMS 



• Post 

AssGssment 




SELF-TEST 

1 . T F The directional control valve changes the direction 

of fluid flow. 

2. On a directional hydraulic control, the valve nunber of 
ports open at one time is: 

A. 6 

B. 4 

C. 2 

D. none 

3. What is the purpose of a directional control valve? ■ 

4. What type of directional valve is used to reverse an actuator? 

5. Name two types of directional control valves. 

POST-TEST 

I. Draw a directional control valve and indicate by arrows, 
fluid flow through the valve. 



saditj Ajjsnoi pUB xoods 
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POST-TEST KEY 

Pressure flow to cylinder port "B". 
Retijm flow through port "A" to tank. 



CONTROL LEVER 




FROM PUMP 
P 
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17.9 

HYDRAULICS 

IM-HY-09 
Cylinders 



Cjoal: 

The student will know the structure 
and operation of actuating cylinders. 



I 



Performance Indicators: 



1. Given the common parts of a 
double-acting cylinder, the 
student will sketch fluid flow 
throug, the cylinder. 

2. Given three types of actuating 
cylinders, the student will 
identify them and indicate their 
purpose , 

3. Given two sizes of actuating 
cylinders, the student will 
compute the output force and 
volume of each cylinder. 
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Cylinders 
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INSTRUCTIONAL LEARNIK . SYSTEMS 



Information 



The actuators do the vrork in the hydraulic system. They convert 
fluid energy to mechanical power. There are three types of linear actuators 
used in fluid pov^ systems. Single-acting, double-acting and balanced 
cylinders give force in both directions. Pressurized oil is admitted 
first at one end of the cylinder then at the other giving twa-way power. 

A movable piston slides in a cylinder housing or barrel in response 
to pressurized -oil entering the cylinder. The piston uses packings or seals 
to prevent leakage of the oil between the piston and the cylinder wall. 
Leakage past the piston rod is prevented by packing^in the cylinder end 
cap. The speed of a cylinder is determined by the size of the actuator 
and the quatitity of oil puiped into it.^ 

The volume of a cylinder can be found by moltiplying the cylinder 
length times its area (V = L x A) which^will be ill cubic inches. There are 
231 cu. in. in a gallon of liquid. 



8J 



r 



EXTEND 





1 
















RETRACT 



9IL PORT 



^- MOUNT 



PISTON 




OIL PORT 

\ 



PISTON ROD 



i 



ROD SEAL 



CYLINDER HOUSING 
PISTON SEALS 



REMOVABLE END 



The actuators do the viork in hydraulic systans. They convert 
hydrauHe energy into mechanical power. Actuators are either rotary 
(hydraulic motors) or linear (hydraulic cylinders) . Linear actuators 
are single-acting, double-acting unbalanced or double-acting balanced. 



J 



JL 



JL 
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SINGLE ACTING 



DOUBLE ACTING 
UNBALANCED 



DOUBLE ACTING 
BALANCED 



In a single-acting cylinder, force is created hydraulically in one 
direction only. The actuator can be extended by hydraulic pressure but 
will retract under its own weight, the load thereort^or by spring tension. 

Double-acting cylinders can be extended and retracted by hydraulic 
pressure. The force generated is greatest v^en pressure is applied to the 
piston side of the cylinder. In a balanced cylinder, the force is equal 
on both sides of the piston because the areas are equal. 
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To compute the amount of force that a cylinder can generate at a 

given pressure, use the following f omnia: Force = Pressure x Area (F = P x A) 
EXAMPLE: Piston area is 12.5664 sq. in. Pressure is 250 psi (pounds per 

square inch). Substitute. Force 250 x 12.5664. 



F = 3,141.6 pounds or 3,142 lbs, 




4 
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INSTRUCTIONAL LEARNING SYSTEMS^ 



Assignment 




LEARtm<G ACTIVITIES 

1, Examine a double-acting cylinder and identify the parts 
shown on the information sheet. 

/'^~\abel all parts of the cylinder shown below. 
"^Uv-'^nsert arrows in the drawing to show fluid flow In and out of 
the cyliiider. ^ 

4. Name some places that use ttiis type cylinder. 
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INSTRUCTIONAL LEARNING SYSTEMS 



Job Sheet 





1. Obtain a cylinder, disassemble and examine the parts, 

2. I-ieasure the diameter of the piston. 

3. Insure the diameter of the pjiston rod. 

4. Measure the inside length of the cylinder. 

5. Oornpute the pushing force of your cylinder if the applied 
pressure is 375 psi (F = P x A) . . 

6. Conpute the volune of your cylinder on the extended side 
(V = A X L) . 

Volxme = Area times the- length of cylinder 



XENGTH 



V«Ax L 
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INSTRUCTIONAL LEARNING SYSTEMS 



•Self 

AssGssmcnt 




SELF-TEST 

1' T F Cylinders convert mechanical power to fluid power. 

2. Cylinders vMch are ^-acting give force in both 

directions . 

3. T F There nust be tvro hose connections on- a double- 
acting cylinder. 

fills driC chambers on either side of a double- 
acting cylinder. 

5. Name tw types of linear actuators. 

6. What is the volime of a cylinder if its area is 7.0685 
and its length is 22 inches? 

7. If the Some cylinder has an area of 7.0685 sq. in. and the 
applied pressure is 1500 psi, v*iat load can the cylinder neve? ""orce = 
Pressure x Area 7 '"'f 35 x 1500 « 
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INSTRUCTIONAL LEARNING SYSTEMS 



<Post 

Assessment 




POST-TEST 




1. Label parts and explain purpose of each. 

2. Show fluid flow in and out of cylinder., 

3. Draw a graphical symbol of a double-acting cylinder. 

4. What is the primary purpose of an actuating cylinder? 

5. Name three types of actuating cylinders. 
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KEY TO POST TEST 




PISTON 



OIL PORT 



7 




4 



PISTON ROD 

\ 



MOUNT 



^ROD SEAL 
^CYLINDER HOUSING ^REMOVABLE END 
PISTON SEALS 
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i 7.101 

I 

HYDRAULICS i 

IM-HY-IO 
Forces, Area, Pressure 



Goal: 

The student will know the relation- 
ship of force, area and pressure 
to hydraulics. 



ERIC 



Performance Indicators: 

1. Given a basic hydraulic jack 
outline, the student will 
sketch the hydraulic system. 

2. Given an illustration of a 
basic hydraulic system complete 
with measurements, the student 
will compute force, pressure and 
area to show a balanced system. 
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HYDRAULICS 
Force - Area - Pressure 




INSTRUCTIONAL LEARNING SYSTEMS 



Information 




INFORMATION SHEET 

In a previous unit mechanical levers were discussed and sane 
exainples of hew man uses these devices • to increase the force he can 
exert were given. A good exanple of how mechanical levers and hydraulic 
levers can be tised to increase the force man can exert is obvious in a 
small hydraulic jack. A drawing may help us understand these two levers. 




AREA 



AIR VENT 

RESERVOIR 




INLET 
CHECK 
VALVE 



OUTLEl 
fUW CHECK [_ 
VALVE 



id — 
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A system in balance 



F (Force) pounds 

P (Pressure) PSI 

A (Area) -square Inches 

p _ F _ 500 

P _ or 50 - 

F = P X A 

Hie one square inch line 
at Che pressure gauge has 
one- tenth the area and 
pressure of the large piston. 



Dravring of hydraulic jack system 
(pressure gauge for illustration only) 

The mechanical advantage of the 
second-class lever on the purp allows 
this system to lift heavy loaas with a 
small force on the pinp handle. 

The punp handle v/ill have to be 
moved up and down several times in 
order to move the larger piston a short 
distance. 

Forty pounds of force on the punp handle 
will lift approximately 1000 pounds at the 
cylinder. 



References: as available 
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INSTRUCTIONAL LEARNING SYSTEMS 



Assignment 




LEARNING ACTIVTITES 



1. Examine hydraulic jacks of different capacities such as 
1% ton, 5 ton and 10 ton to observe the differences in construction. 

2. Measure the small and large pistons of these jacks and 
^are their diameters. 

3. Observe the handles for each jacK and determine the 
advantage of increasing the length of the handle frcm the fulcrum. 

4. Measiire the travel on the small piston of a jack and 
compare that travel with that of the large piston. 





F = Force or load and is measured in 
pounds (lbs.). ' 

P = Pressure is measured in 

pounds per square inch (PS I) . 

A = Area which is measured in 
sc[uare inches (sq.in.). 



F = P X A 



A = 



If any two factors are known, the third or unknown can be found. 
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INSTRUCTIONAL LEARNING SYSTEMS 



Job Sh€€t 




WORKSHEEHS 

1. Sketch the hydraulic system for a small hydraulic jack to 
include: - Reservoir 

- Pump 

- Conductors 

- Check valves 

- Actuator (large piston) 



2. From tlie sketch below, calculate: 



pressure and force 



800' 
lbs. 

FORCE) 




20IN.'l— AREA 



m 

FORCE) 



45 PSI 



V 



20 IN.^ IE — AREA 
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INSTRUCTIONAL LEARNING SYSTEMS 



• Self 
Assessment 





SELF-TEST 



T 



F 



Snail hydraulic jacks have reservoirs. 



2. 



T 



F 



Ihe mechanical advantage of levers makes it 



possible to lift heavy weights when combined with hydraulic principles. 

3. T F Check Valves prevent fluid from backing up in 

the system. 



the actuating piston. 

5. If force equals 400 pounds and actuating piston surface 
area equals 10 square inches, the pressure equals . 

6. If a hydraulic systan has a pressure of 100 psi and it is 
acting on a cylinder having an area of 18 square inches, the force 
would be 




T 



F 



The pimp piston is usually the same size as 



•sqi 0081 
•psd 0*7 



•9 

€ 
'Z 
'I 



anxj 
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KEYS TO SELF- AND POST-TESTS 



A. Reservoir 

B. Hydraulic lines 

C. Check valve, (inlet) 

D. Punp 

E. (heck valve 

F. Actuating cylinder -ram 

G. Pressure gauge 

Ilist conform to F = P x A. 
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i INSTRUCTIONAL LEARNING SYSTEMS 1 


• Post 







1. Starting with the reservoir, list the ccmponents of a small 
hydraulic jack in the order they are arranged in the system. 

A. Reservoir 

B. 

C. 

D. 

E. 

F. 

2. On the outline below, complete the system and include force, 
pressure and area to show a balanced system. 
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HYDRAULICS 

IM-HY-ll 

Fluid Power Conductors & Connectors 




Goal: 



The student will know proper 
hydraulic conductor routing and 
causes of hose failure. 



Performance Indicators: 

1. Given a prepared worksheet the 
student will lab.el the correct 
and incorrect routing of hoses . 

2. Given a working hydraulic system, 
the student will inspect and 
identify conductors and hardware. 
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fUJID POWER CGNliUCTORS AND CONNECTORS 
AND ICIHODS OF INS'IALLATION 




INSTRUCTIONAL LEARNING SYSTEMS 




Information 



The purpose of hydraulic conductors is to contain and distribute 
fluid throughout the system ; they include manifolds , fittings, tubing, 
flexible hose, couplings and pipes. Conductors are designed to convey 
fluids in required anomts with ndnimin loss due to friction and leakage. 

Soft spots in flexible hoses under pressure will be indicated 
by bulging at the weak point. This will give an indication of possible 
failure at some future date. In this assignment you will learn the 
correct and incorrect method of fluid power conductor installations. 



AVOID TAUT HOSE 



AVOID TWISTING 



WRONG 



RIGHT 




ROUTING OF TUBES 




RIGHT 




RIGHT 



WRONG 




o ■ 
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Fluid pcfwer conductors are fabricated from steel tubing, steel* 
pipe, flexible hoses as well as plastic and other synthetic materials. 
Pipe and tubing is measured, by their normal outside diameter (O.D.) and 
flexible hoses are measured by their inside diameter (I.D.). Tubing 
is available in 1/16 inch Increnients frcxn 1/8 inch to one inch O.D. and 
in 1/4 inch increments beyond one inch. 

TXjbing, unlike pipe, is never sealed by threads but by various 
kinds of fittings. Soae of these fittings seal by metal- to-metal contact. 
They are known as conpression fittings and may be either flared or 
flareless type. 





Rigid Mote NPTF Hose Coupling 



Rigid Mole SAE 0 Ring 
with SfdeaSAEUlO* 
Thread Coupling 



Typical hotc couplings for 
transition to hoic, pipe, or tubing. 



ring pocking 
WQsher 




screw 




Fiff Ing optlocKa 
beyond tNs point 

f itf ing mating face 

Section K-K 

Flange cocuKction widi 0« 
ring used as sealing element. 






Union Hose Coupling 
37-deg SAEUIOFIore and Thteod 





Rigid Mole Flore Hose Coupling 
37-deg SA£UIC) Flore ond Thread 





Three Piece Type 



•Flare fittings 
for hydraulic t u b i d §• 



TwoPiKie'^ 



Invei^ed Flore Type ^ 



INSTRUCTIONAL LEARNING SYSTEMS 



Job Sh€€t 




1. Label the correct and incorrect routing of hoses. Mark 
correct routing v/ith a "C" and incorrect routing with an "1". 



\. AVOID RUBBING 





2. AVOID SHARP BENDS 
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INSTRUCTIONAL LEARNING SYSTEMS 




Assignment 



O 



0 



LEARN11X3 ACnvmES 



1. If available, inspect a hydraulic system and with available 
references, lcx:ate and identify the following fluid power conductors and 
connecting hardware: 

A. Rigid piping. 

B. - Tubing. 



C. Flexible hose. 

D. Union, hDse coupling. 

E. (ILgid male flare hose coupling. 

F. Flange axmection. 

G. Three pi(K:e type flared fitting. 

2. If available, use an operating hydraulics system and check 
for the following conditions: 




A. 



Fittings for leakage at hydraulics cooponents. 



B. 



Tubing for proper installation. 



C. 



Flexible hoses for kinks or twists. Correct if necessary. 



D. 



Hose not excessively tight (stretched) . 
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INSTRUCTIONAL LEARNING SYSTEMS 




SELF-TESt 



List two troubles that could be encountered; 

A. Oil lines - 1. 

2. 

B. Filters - 1. 

2. 



2. T F Hydraulic Voses should be installed and tightened 

until taut. 

3. T F Putting a twist in a hose will make it last longer? 

4. T F Hydraulic tose is used instead of tubing so that 

sharp bends can be made. 

5. T F Metal, cubing should be installed with a bend in 

it to allow for expansion arid contraction. 

6. T_ F_ Pipe threaded fittings are sealed by thread interfer- 



ence. 



7. . T__F_ 
to- thread method. 



37° J. I.e. fitting can only be sealed by the thread- 



•anil. 
'Z 

'I - 
'Z 

•X - 



•L 
'9 
S 

e 

'Z 
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INSTRUCTIONAL LEARNING SYSTEMS 



Post 

Assessment 




POST-TEST 

List four reasons for hose failure due to incorrect routing. 

A. 

B. 



D. 

2. List two reasons hose will fail due to iinproper installation. 
A. 

B. 

3. Visual inspection of hv hraulic systems can spot such 
troubles as: 

A. ■ , 

• B. 
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KEY TO POST 'TEST 

1. A. Rubbing. 

B. Sharp bends. 

C. Too close to heat. 

D. Lcx5ps (hoses are too long) . 

2. A. Too taut. . 

B. Twisted hose. 

3. A. Oil leaks. 

B. Dirty or plugged filter. 

C. Loose connections.^ 
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HYDRAULICS — TROUBLESHOOTING 




Goal: 



The apprentice will be able to describe 
troubleshooting procedures for hydraulic 
systens. 



ERIC 



Performance Indicators: 



1. Describe fundamentals of 
troublesnooting hydraulics. 

2. Describe testing procedures 
for flow, pressure, temperature 
and load. 



Ill) 
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1002-C TROUBLESHOOTING FLUID SYSTEMS 



If equipment fails to operate correctly » or if 
during routine maintenance, some flaw in the 
equipment is noticed^ (excessive wear in certain 
areas or abnormal amounts of oil consumption, etc.)^ 
the equipment should be checked to determine the cause 
of the problem and, if possible, correct the problem 
before it becomes a major overhaul. This lesson 
discusses some troubleshooting principles and techniques, 
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Upon successful completion of this unit, the 
student will be able to: 

List and discuss four troubleshooting 
procedural steps • 

■« 

2. Describe a procedure for flow, pressure, 
temperature and load testlnp, of a fluid 
power system. 

3. Test a hydraulic pump. 






LEARNING ACTIVITIES 




ACTIVITIRS , 


PURPOSE 


Read: 


Information Sheet //I 




Read : 


John Deere Fundamentals of^* 
Service Hydraulics, chanter 
on Diagnosis and Testing of 
Hydraulic Systems 


Additional background reading 
provides an appreciation, 
understanding and other approaches 
to fluid power systems. 


Read : 


Fluid Power, JOPACK DIVISION 
Galland-Henning Mfg, Co., 
Milwaukee, Wisconsin 53246 


Do: 


Install a hydraulic tester in 
a system. Test the pump. 


To gain experience in testing a 
piece of fluid power equipment. 



INFORMATION SHEET //I 



TROUBLE SHOOTING 

Proper functioning of the hydraulic 
portion of every system is based upon 
the maintenance of jjroper fluid flow 
and pressure. 

Know the lystem 

Of course, troubleshooting any system 
requires that you know the system and 
how it operates. In order to realize 
what to check, the maintenance mechanic 
must receive all of the operating in- 
formation — which component failed — the 
sound made as it failed, etc. 

Inspect the system 

Inspection of the machine may show ob- 
structions to working parts which would 
cause the trouble. Inspection could 
disclose flui^d leaks which might cause 
loss of power. The general appearance 
of the system may provide clues about 
the trouble. Actuator rams or motors 

A 2 
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may be bent or damaged. This v/ould 
prevent further start-iip. 

Run the system 

If the unit can function, the mechanic 
should start it up, being especially 
alert to close do\/n at the first sign 
of trouble that might cause it to ^ 
damage itself. 

Check the system 

Since fluid flow and pressure operate 
every fluid power system, these should 
be checked throughout the system. If 
a pump is producing pressure and flow, 
it does not necessarily follow that the 
same pressure and flox^ carries through^ 
out the system. In fact, many systems 
are designed to provide different pres- 
sures and flow rates in varying circuits 
in the system. 

A service manual should be available 
to orovlde the information for each 
circuit. The service manual charts 
will provide flow and pressure re- 
quirements at designated locations. 

Hydraulic, testers which contain, at 
a minimum, ^a pressure gauge, a flow 
meter, a thermometer, and a load 
valve, in addition to a variety of 
connector sizes and threading adapt- 
ers, are available. . Some are more 
elaborate than others, but the above 
items arc a necessity. 

Since the pump is the heart of the 
system, it is usually the place to 
start testing when visual inspections 
do not indicate something else to 
check. The basic reason for start- 
ing at the source is that, if the 
source fails, nothing works. As 
you test outward, you can determine 
where the failure exists and then 
determine the cause of failure. 

In order to test the pump, the follow- 
ing steps should be taken: 







Load v^u^/e 
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1. Relieve the pressure on the system. 
Pressure must be relieved before 
di sconnectin g the lines because 
built up pressure in the system may 
rause hydraulic oil to spray ovor 
equipment and the mechanic. 

2. Disconnect the line (the line that 
drives the first actuator)^. Since 
we are testing for flow arid pres- 
sure, we must use the pump's pres- 
sure line. 

3. Connect tester input line to the 
pump and tester output line to 
the reservoir. Be sure the tester 
load valve is open when the pump 
starts. We are testing the pump 
only. Any back pressure must be 
removed. Therefore, the pump out- 
put should be allowed free return 
to the storage tank. 

As the pump is started/ fluid should move 
freely through the test equipment. A 
service manual will provide the correct 
pressure for the system at the pressure 
*side of the pump. The load valve should 
then be tightened until the specified 
pressure is indicated on the test pressure 
gauge. 

Allow the pump to operate until the fluid 
reaches the normal operating temperature 
as specified In the service manual. At 
this point the flow meter should indicate 
the specified pump output* 

A puTip may be further tested by turning 
the pressure to zero to record maximum flow. 
Then, record flow at 250 pounds per square 
inch (p.s.lO intervals up to maximum system 
pressure. (Then, return load valve to zero 
pressure and shut down.) Be sure all of thi 
testing is with oil at normal operating 
temperature. 

FlOV AT IIAXIWJM PRESSURE SHOULD BE AT LEAST 
75*^ OF FLOW AT ZERO PRESSURE. 
If the pump does not meet that criteria or 
higher, the pump is not workinp properly. 
If flow is low without system pressure, 
then perhaps the oil flow between the 
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reservoir and the pump is rostrictech 
Sometimes lov/ oil, Jirty .filter, restricted 
lines, air leaks, dirty breallier, (oloc^ked vent 
etc. can cause this problem* 



Depending upon the systen, pressure and 

flow requirements may vary as the fluid 

is piped to different areas. Smo.ll orifices 

cause less flow at the same pressure in pilot 

areas, l^ien this occurs, meters must be 

strategically placed to be able to match 

pressuffe and flow to the systen specifications. 

It may be possible to have one set of meters 
permanently located for an entire system, or 
it may be necessary to have meters and gauges 
throughout the more complex system 

Pressure losses may be detected as various 
circuits are activated. Restrictions or 
clogs may cause pressure to rise and flow 'to 
be reduced in a circuit and may require the 
latter system* 

NOTE: l^hen testing, start with the main 
circuit and then, gradually, work 
outward until all suspected circuits 
have been covered. 
If a service manual exists for the 
machine, follow its directions for 
testing. 



SELF- TEST 

1. Proper functioning fluid power equipment is based upon maintenance of 
proper fluid and 



2. A pump can only produce 

3. In order to troubleshoot equipment, the mechanic must 



4. The first step in troubleshooting is equipment 

5. If he starts the equipment, the mechanic should be alert to 



If trouble occurs. 



6. A ^ should provide information on pressure nnd 

flow, rates in differing circuits. 

5 
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7. Hydraulic testers contain ins ti-uments to tost 




and 



8, Tiie tirpit item to be tested is the 



9. If a line is to be removed, the first stop always is to remove the 



10. Flov/ at maximum pressure should equal at least 7, of flow 



at zero pressure if pump is in satisfactory condition. 



'OX 

ajcnssaad 

d'iind *g 

A\o-[j puD * aanssaad * oanrjeaaduiaq • ^ 

XBnUBUl 9DJAa9S -g 
UOT3D9dSUT 't? 

Mo-[j aanssaad '\ 
SHailSNV ISaX-i13S 



ERIC 



117 



POST-TEST Package Numberi222lL 

TROUBLESMOOTTNn FLIJTD SY.STKMS 

Using a scandard hydraulic tester, check prssure and flow at the proper 
temperature on several circuits of a hydraulic system. 



BEST COPY AVAILABLE 

lid 





Goal: 



The apprer.tico will be able to describe 
the fundamentals ot maintenance* of 
hydraulic systt^rns. 



Performance Indicators: 



Describe four major areas of 
concern in routine maintenance 

Uescri be procedures for 
inspection of hydraulic rams 
to determine damage. 

Describe procedures for 
changing oil and filters. 
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1001 -A MAINTENANCK OF FLUID POWER SYSTEMS 



Maintenance task? ;irv ti:ose activities 
that must be dv)nr on a routine basis to 
provide the luhricatinn an-.l upkcer) \ 
necessary to a smooth operation and long 
equipment life'. Well-desiRned equipment ■ 
will fail prematurelv If regular maintenance 
.IS not provided. General maintenance 
procedures are suggested in this learning 
package. Those specific to a particular 
device will be identified in the shop 
manual . 



J 20 



Upon success f ul c 
the scudenc will 



bo ah lo to : 



this un i L , 



1. vState four areas of concerrv in routiru* 
maintenance. 

2. Inspect hydraulic rams for damage, 

3. Describe general procedures for c'nanRinp; 
hydraulic oils, and filter. 



4 
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N LEARNING ACTIVITIES 

ACTIVITIES PURPOSE 



Read: Information JSheet H 



Read: Jo^n Deere Fundamentals of • 
Servfce, Hydraulics, General 
Maintenance 

i 



i INFORMATION SHEET H 

MAINTENANCE 

Once a fluid power system has been 
created and tested, it; should be^ 
able to run fot an extended time. 

It is necessary, however, to inspect 
the equipment otl a periodic basis 
to discover sm^ll problems before 
' they become big ones. 

It is also necessary to perform 
basic routine maintenance, such as 
oil changes, filter changes, systerj 
.cleaning and flushing and line 
connection tightness. Where it is 
possible, such as on mobile equip- 
ment, a regular cleaning should be 
a part of the maintenance pro- 
cedures • 



The principle areas of concern tlia 
must be watched in maintenance are 
that: 

/I. only recommended fluids are 
replaced in the system 

2. oil filters must. not become 
excessively dirty or clogge 

3. oil is kept at a high enough 
- levei^ln the reservoir. - 



4. fluid couplings are tight. 



Additional background reading 
provides an appreciation and 
understanding as well as other ap- 
proaches to fluid power systems • 



/ 



\ 
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INSPECTION 



Have you ever noticed that an air- 
plane pilot always walks around and 
inspects Hfts aircraft before starC- 
inj> a. flight? To a certain degt'ee, 
this is also necessary in the fluid 
f)ower systems., Some procedure should 
be established to insure that equip- 
tufent is inspected on a regular bas ig . 



Some operators wash dovm their equip- 
ment after each use. At that time, 
they check fuel levels and oil levels 
A visual check is made for leaks at' 
external couplings. General appear- 
ance of equipment should also be 
checked. The operator has just fin- 
ished running the unit and so any 
strange noise or action of the equip- 
ment is fresh in his mind. A check 
of possible causes may pinpoint the 
source and, if repairs are necessary, 
•the equipment, can be referred to 
the service shop. 

During an inspection of this type, 
all cylinder actuators should be 
extended to full length and the 
shiny rams inspected for burrs and 
nicks which can harm the oil seals. 
Use of a soft rag will detect small 
abrasions. Actually, if the rams 
have cyitered the cylinders, it may 
^ tot> late.' Any time an ofrerator 
has reason to believe the ram is 
being scratched, nicked or bent, 
it. must be left in an extended 
p osition , if possible. An immediate" 
inspectioB»may find a difficulty 
that, if retracted into the cylinder,-* 
can double or triple -the cost of 
repair.' Minor nicks, burrs, or 
rough spots may be flattened with o 
a small hammer and smoothed with 
a fine file and crocus or emory 
cloth. 

This action may not produce a per- 
fect ram but it will permit re- 
traction into t^e cylinder. The 
ram will have ^o* be checked further 
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by a mechanic to see if further 
repairs are required, Rent rams 
should b e removed from the cylinders , 
not retracted into It. 

MAINTENANCE ACTIVITIES 




Cleanliness: 

Cleanliness is more important in hy- 
draulics than nearly any other system 
of a machine • One grain of sand in 
the wrong place can stop a whole system 
because of the small orifices in the 
sys tem. 

Be sure to use a clean environment to 
work on equipment. Simple things like 
a dirty funnel to pour oil should not 
be used. Use of a clean funnel with a 
fine mesh screen to stop contaminants' 
from entering the system is most desirable. 

Protect breathers and filler caps from 
water when washing the machine. ^ 

When removing fluid hoses' or devices, 
be sure the surrounding area is clean. 
This prevents sludge or dirt from enter- 
ing the system by accident. Plug lines 
ywith plastic or wrap them to prevent 
dirt form entering the system. Do not 
add dirt when you add oil I • "C 

Oil Changes: 

Every manufacturer of a fluid power system will recommend a type, specification 
level, and viscosity of oil to be used in the system. He will also specify the 
oil change frequency. The brand of oil is relatively unimportant if it is 
from a reliable oil producer. Be sure to know the type of on specified for 
jgour equipment. Two tractors from the same ma'nufacturer may have entirely 
different fluids recommended. 

NOTE: This lesson does not discuss motor oil. It discusses the hydraulic oil 
in the fluid pox^er system. For more on oils, see VIP Learning Package 
108-B 

If incorrect hydraulic fluids are added, the entire system may soon fail. 

Seals re^ct differently to various available fluids. If they are not compatible, 

all seals in the complete system will become swolletuand have to be replaced. 

Oil should be drained at the intervals recommended by the manufacturer. He will 
usually vary this according to operating conditions, ' including temperatures, 
amount of dust, and the severity of demands on the machine. If there is no 
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unusually dirty oil in the system, the procedure to follow is: 



clean the reservoir 

change the filter 

replace with approved oil 

If the drained oil is particularly »dirty, an approved flush oil may be put into 
the system. After the system has Been operated for a period of cime recom- 
mended by the manufacturer, the flush oil is drained and the regular oil, and 
a, new filter, may be replaced in the system. 

CAUTION: Do not use ordinary cleaning solvents . They do not have proper lu- 
bricating capabilities, and bearings, surfaces, and seals can be seriously 
dama ged . 

All drained oil and tne bottom of the reservoir should be checked for metal 
particles and rubber "chunks". 

If these begin to appear, the system should be checked for additional problems. 
Metal particles usually imply that some unit in tK6 system is falling and the 
metal, as it rubs against other pieces of metal, is wearing off. It is critical 
that this unit be found as metal particles may get into another unit or 
valves and damage the entire system. 

Rubber flakes or chunks usually are pieces of "0" rings or hoses that are 
deterioratinp. As it disintegrates, the. rubber is carried by the oil stream 
to the reservoir screen or the oil filter. A failing hose should be replaced 
immediately to avoid a burst hose. A burst hose can cause severe safety haz- 
ards, suoh as hot oil on the operator or a critical actuator failing. Failing 
0' rings may cause oil leakage. 



SELF-TEST 

Complete the sentence or circle the most correct answer. 

1. Inspection of equipment should be scheduled on a 'basis. 

2. Inspections oft^.n turn up p roblems before they 

become major repairs. 

3. Four areas of concern are: 



4. Extend all to full length for in-. 

spectlon. 



\ 
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5. Check the above for nicks and burrs which can harm the _^in 

Che system. 

6. If rams are bent during operation, they must, must, not he retracted into 
the cylinders. 

7. Cleanliness is important because of the size of the system's 



8. Check with ^ ; CO determine type. 

viscosity, specification level of the replacement fluids. 

9. Incorrect fluids may cause the ^to fail. 

10. If fluid is excessively dirty, the system may be flushed with 

flushing oil. 

11. Drained oil should be inspected for particles 

and chunks. * 



\ 



pSAOjdde 'Qi 

« 

suojqBDTjjDads s,a9an30BjnuBui -g 

30U 'jsnui "9 
sxeas 'g 
sjoqenaoB Jtapu^xXo 

D 



5M8t3 ajB sSuTxdnoD p^nxj xba^i q3nou9 qStq jb xto ubdx- 

/^XqBuosBaa aas saa^xTJ sp^nxj pspuaiumoDaa acn -e 



r 

XXBuis -z 
JBXn39J "T 
A3>l lSai-d13S 



ERIC ' ♦ 126 



POST-TEST Package Numberi^ 

MAINTENANCE OF FLUID POlvfER SYSTEMS 

Write a descripticn of a maint6nance procedure for fluid power systems. 
Be sure to name all of the areas to be included in a proper maintenance 
procedure. 
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